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Abstract 
The objective of this research was to analyze the productivity and cost of chainsaw felling and skidding with 
farm tractors in teak plantations of forest management unit (KPH) Saradan, Perum Perhutani. The calculations 
of cost and efficiency analysis were performed to evaluate the felling and skidding activities in order to do better 
in terms of technical and organizational systems. The number of felling work cycles recorded in this study was 
58 cycles, while skidding ranges as many as 66 work cycles. The results of this study highlight that the average 
costs of felling with and without delays are IDR 14,515.709 m-3 and IDR 13,489.431 m-3. Meanwhile, the 
respective skidding costs with and without delays are IDR 50,687.582 m-3 and IDR 48,499.744 m-3. Based on 
the results of the linear regression, the variable that affects felling time is the diameter, whereas the variable that 
affects skidding is the skidding distance.  
Keywords: chainsaw; log; harvesting; clear cutting; time study. 
1. Introduction 
Kesatuan Pemangkuan Hutan (KPH) Saradan teak plantations forest located in East Java, felling is performed 
by using chainsaws, while skidding is performed by using farm tractors.  
------------------------------------------------------------------------ 
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These teak plantations are state-owned forests managed by Indonesia State-Owned Enterprises, Perum Perhutani 
(State Forestry Public Company). KPH Saradan is a part of forest management areas in Perum Perhutani 
working unit. The size of Perum Perhutani teak company grade is 1,238,371 ha or approximately 50.65% of the 
total forest production area [1]. The size of teak plantation in KPH Saradan is around 37,936.6 ha, and 
approximately 3.06% of the total Perum Perhutani teak company grade [2]. 
Teak is one of the main commercial timbers in the world, and it is famously recognized because of its color, fine 
fibers, and high durability [3]. Teak is also well known in the international market with an outstanding 
reputation in terms of its wood quality [4]. Teak is the first class timber class due to its strength, durability and 
beauty. Felling, bucking, and skidding in teak plantations are essential, for the wood quality and prices are 
determined in this process.  
Felling activity is essential because the timber quality and price are determined in bucking process. The timber 
economic value is determined at the bucking stage [5] as a series of felling cycle. In addition, the measurement 
of felling productivity and cost is important as a basis for planning future felling evaluating these activities to 
increase the productivity. Reference [6] state that the information of productivity, cost and harvesting system 
implementation is necessary to evaluate the management plans for forest rehabilitation. Moreover, there has not 
been any scientific publication regarding research on harvesting productivity and cost in teak plantations by 
using farm tractors in Indonesia. 
A number of researches on felling and skidding producitvity and cost analyses in Perum Perhutani have been 
conducted. Productivity measurement used to calculate cost analysis. [7] reported that the felling productivity in 
KPH Purwakarta is 1.559 m3 h-1 with cost analysis of IDR 15,000.00 m-3. Furthermore, [8] revealed that felling 
productivity in KPH Banten reaches 7.6 m3 h-1. Meanwhile, [7] reported that the skidding productivity is 0.128 
m3 h-1 with cost analysis of IDR 10,000.00 m-3. The data of teak plantation productivity and costs in Indonesia 
are still uncomplete, and there is no publication in scientific journals; whereas felling activity is a part of 
important forest harvesting activities in a perspective of technicality [9]. 
The measurements of felling and skidding productivity are calculated by utilizing time study method. Time 
study is an analysis of methods, materials and equipment in the production process [10] or the time 
measurement, classification and analysis of data aiming to increase work efficiency [11]. Harvesting cost 
analysis covers the analysis of fixed costs and variable costs. Research productivity and cost analysis of felling 
and skidding by using time study have been conducted in other countries. Authors in [12] used time study in 
their research in the eastern Amazon jungle and revealed that the productivity data and felling cost are 20.46 m3 
h-1 and 0.49 US$ m-3. Authors in [13] conducted a study on productivity and costs in the Caspian forest result in 
productivities with and without delay of 20.6 m3 h-1 and 26.1 m3 h-1, while the costs with delay and without 
delay of $ 1.05 m-3 and $ 0.81 m3. Authors in [9] also conducted a research in Hyrcanian forest in Iran resulting 
in productivity and costs with or without a delay of  9.7 tree h-1 and 11.65 tree h-1 and $ 1.21 tree-1, and $ 1.45 
tree-1. On skidding, reference [14] reported the skidding productivity by using a wheeled skidder as much as 
11.11 m3 h-1 at a cost of IDR 118,140.00 m-3. Some researches on productivity and cost analysis have been 
performed; however, the research publication in Indonesia specifically for Perhutani is still uncomplete. In 
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addition, studies on efficiency in the felling and skidding have not been conducted. The objective of this study is 
to analyze the cost of felling and skidding with harvesting methods utilized in KPH Saradan. 
2. Research methods 
2.1. Site of Study 
The study was conducted from March to August 2016 in a subplot 6A Resort Forest Management (RPH) 
Sugihwaras, Forest Management Units (BKPH) North Wilangan, KPH Saradan with an area of 10.3 ha. The 
height range of this area is between 125 meters above sea level up to 650 meters above sea level, and the 
average rainfall is 2,018 mm/year. The percentage of KPH Saradan slope ranges between 0%−25%. Teak stand 
has the same age as 80 years.The standing density is 36 trees ha-1, and the total estimated production volume is 
636 m3. Harvesting is conducted by using Stilh 070 chainsaw with clear-cut silvicultural system. Skidding is 
conducted by using a Massey Ferguson 455 Xtra farm tractor. 
2.2. Work Procedure 
The time measurement procedure is performed by time study method. Observation of felling coversan activity 
of bucking. Bucking is conducted by using short sortiment system with pricing and timber quality in accordance 
with Perum Perhutani. Working elements of felling include walking towards the tree to be felled, clearing the 
areas around the tree, starting the chainsaw, making sinkcut and back cut, cutting base of the trunk, cutting the 
buttresses and branchches, determining the length and marking sortiment with teer, bucking, remove the bark, 
quality marking with paint, measuring the diameter, marking with the slaghammer and forest products 
administration.  
Meanwhile, skidding elements include tractor towards the log, hooking the wire rope, skidding to load point, 
and taking off the wire rope. Both tree felling and skidding work elements are recorded by using a video camera 
during the activity. Observation of felling cycle was performed in 58 cycles while skidding in 66 cycles. 
Observations of felling and skidding cycle are divided into several working elements (Table 1). 
Uneffective time is an interruption in an effective process defined as personal, mechanical, and operational 
delays [15]. Personal Delay occurs because of break activities including eating, drinking, smoking, defecation, 
using cell phone, and chatting. Mechanical delay is associated with repair and maintenance of harvesting 
equipment utilized such as filing chain. Operational delay is associated with harvesting cycle such as refueling 
and operator shifting. Meanwhile, effective time is utilized to carry out activities without delay, and actual time 
is effective time with an addition of delay time. 
The volume data is recorded to calculate the productivity of felling and skidding. The tree volume equity (m3) 
divided by the working time of each cycle results in the productivity of felling or skidding.  
The distance between trees, tree diameter and slope are recorded to determine their effect onthe felling time. 
Meanwhile, the distance between skid, timber skidding volume, and slope are recorded to determine their effects 
on the skidding time. 
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Table  1: Definition of element and time type in the analyzed activities (Fath 2001) 
 Description of element Time type* Initial point of timing Final point of timing 
 FELLING    
 Effective elements EET   
1 Walking towards the tree to be 
felled 
AT Operator leaves the previous 
tree 
Arrival at next tree to be 
felled 
2 Clearing thea areasaround the 
tree 
AT End of the previous element Base of tree is clean 
3 Starting the chainsaw AT End of the previous element Engine starts to run 
4 Sink-cut and back cut MT End of the previous element Tree top touches the 
ground 
5 Cutting base of the trunk AT End of the previous element Base of trunk is clean up 
6 Cutting the buttresses and 
branches 
AT End of the previous element Trunk already to bucking 
7 Determining length and 
marking sortimen with teer 
AT End of the previous element Marking done 
8 Bucking MT End of the previous element Bucking done 
9 Removes the bark AT End of the previous element Trunk free from bark 
10 Quality marking with paint AT End of the previous element Painted finish 
11 Measuring the diameter AT End of the previous element Measuring finish 
12 Quality marking with 
Slaghammer 
AT End of the previous element Marking with 
sledgehammer finish 
13 Forest product administration AT End of the previous element Log already to skidding 
 Uneffective elements UET   
1 Delay mechanic DM End of the previous element Interruption causes 
maintenance and repair 
2 Delay personal DP End of the previous element Interruption causes 
maintenance and repair 
3 Delay operational DO End of the previous element Interruption causes 
maintenance and repair 
 SKIDDING    
 Effective Elements EET   
1 Tractor towards the log AT Tractor leaves landing Operator arrives at load 
point 
2 Hooking the wire rope AT End of the previous element Sling Already attached 
3 Skidding to load point MT End of the previous element Arrives at TPn 
4 Taking off the wire rope AT End of the previous element Cable released from 
tractor 
 Uneffective elements UET   
1 Delay mechanic DM End of the previous element Interruption causes 
maintenance and repair 
2 Delay personal DP End of the previous element Work resumed 
3 Delay operational DO End of the previous element Interruption cause 
remedied 
International Journal of Sciences: Basic and Applied Research (IJSBAR) (2017) Volume 33, No  1, pp 89-102 
93 
 
*EET: Effective time, UET : Uneffective Time, AT:  Auxiliary time, MT: Main time, DM: Delay mechanic, 
DP: Delay personal, DO: Delay operational 
Data analysis was performed using Minitab 14.0 statistical program for developing  a regression equation of 
time consumption. 
2.3. Cost analysis 
The variable cost is summary of maintenance and repairs, fuel and lubricants, while fixed is summary of capital 
interest, depreciation and insurance. Total variable costs and fixed costs are machine cost. Total system costs 
were calculated by summarizing the machine and labour cost. Felling cost is total felling cost divided felling 
productivity. Skidding cost analysis as well as felling cost. Table 2 shows the cost factors information of felling 
and skidding. 
Table 2: Cost information of felling and skidding 
Cost factors Felling Skidding 
Purchase price (IDR) 5,000,000.00 600,000,000.00 
Salvage value (IDR) 0 300,000,000.00 
Economic lifetime (year) 5 5 
Chain life (h year-1) 1,491.00 1,491.00 
Interest (IDR-h-1) 20 20 
Depreciation (IDR-h-1) 670.69 40,241.45 
Repair and maintenance cost (IDR-h-1) 2,211.11 34,716,500.00 
Total labor cost (IDR-h-1) 20,000.00 40,000.00 
Fuel cost (IDR-h-1) 9357.14 26,062.00 
Total fixed cost (IDR-h-1) 1,180.41 20,120.72 
Total variable cost (IDR-h-1) 14,068.254 87,843.02 
Total machine cost (IDR-h-1) 15,248.67 202,933.57 
Total system cost (IDR-h-1) 35,248.67 242,933.57 
 
3. Result 
3.1. Time felling and skidding 
Felling undertaken in KPH Saradan system uses full tree harvesting and silviculture systems clearcutting. The 
measurement of time to do the work of felling and skidding cycles is required to perform the calculation of 
productivity. Measurement time of one working cycle of logging includes walking towards the tree to be felled, 
clearing the areas around the tree, starting the chainsaw, making sinkcut and back cut, cutting base of the trunk, 
cutting the buttresses and branchches, determining the length and marking sortiment with teer, bucking, remove 
the bark, quality marking with paint, measuring the diameter, marking with the slaghammer and forest products 
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administration. Table 3 shows the statistical description of the work cycle elements of felling and skidding. The 
results showed that on average felling cycle time required to perform the cutting cycle is 2,423 seconds, or 
within 40 minutes a felled tree to be cut into short sortimen was conducted. If it is calculated up to the elements 
of creating sinkcut and backcut or before the distribution of the trunks,it takes 281 seconds, or 12 trees can be 
cut downper hour, sothe total cutting cycles of each working element is 58 cycles. 
Table 3: Statistical description of the felling and skidding work cycle 
Elemental times of working cycles Average (Second) Std. dev  (N) 
FELLING    
Walking towards the tree to be felled 63 58 58 
Clearing thea areas around the tree 34 32 58 
Starting the chainsaw 3 1 58 
Sink-cut and back cut 181 143 58 
Cutting base of the trunk 81 85 58 
Cutting the buttresses and branches 80 40 58 
Determining length and marking sortimen with teer 246 63 58 
Bucking 358 66 58 
Removes the bark 239 47 58 
Quality marking with paint 199 34 58 
Measuring the diameter 201 83 58 
Quality marking with Slaghammer 220 75 58 
Forest product administration  311 121 58 
SKIDDING    
Tractor towards the log  270 67 66 
Hooking the wire rope 116 40 66 
Skidding to load point 409 113 66 
Taking off the wire rope 47 12 66 
 
Working element to be measured for one skidding cycle of work includes tractor towards the log, hooking the 
wire rope, skidding to load point, and taking off the wire rope. On skidding cycle, time required to perform the 
extraction cycle is 842 seconds, or 4 trees per hour can be skidded. In this study, skidding a tree trunk with a 
large size is divided into two for easy extraction. Number of working cycles skidding recorded in this study is 
66 cycles. The greatest time used in a felling cycle is working element of bucking that is equal to 14.77% of 
total actual time. Distribution of the use of the actual time of felling cycle can be seen in Table 4. The delay time 
is equal to 8.54% of total actual time. Uneffective time or the delay time at the most is the personal delay 
amounted to 50.72% of the total delay time. The personal delay time occurs because many operators take a lot 
of breaks for private purposes such as chatting, using a cellular phone and smoking. The results showed the time 
of each element of the skidding  work cycle can be seen in Table 4. The most time in the cycle is the element of 
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skidding to the load point amounted to 46.58% of total actual time. Delay time is 4% of the actual total time of 
extraction. The period of resting (drinking and smoking) and chatting by the operators is included in the 
personal delay, and this is most frequently conducted, reaching 77.77% of the total delay time. If there is a 
mechanical delay on the skidding tractor, the activity is stopped or no activity is carried out. In this study, no 
mechanical delay is included in the extraction cycle so that the  delay time due to a mechanical delay does not 
exist. Operational delay time is equal to 22.22% of the total time delay. 
Table 4: Distribution of time and delay in felling and skidding 
Element and delay of working cycle 
Times 
(minutes) (%) 
PENEBANGAN   
Walking towards the tree to be felled 63 2.60 
Clearing thea areas around the tree 34 1.40 
Starting the chainsaw 3 0.12 
Sink-cut and back cut 181 7.47 
Cutting base of the trunk 81 3.34 
Cutting the buttresses and branches 80 3.30 
Determining length and marking sortimen with teer 246 10.15 
Bucking 358 14.77 
Removes the bark 239 9.86 
Quality marking with paint 199 8.21 
Measuring the diameter 201 8.29 
Quality marking with Slaghammer 220 9.07 
Forest product administration  311 12.83 
Delay 207 8.54 
 Total  2,423 100 
Delay mekanik 34 16.42 
Delay personal 105 50.72 
Delay operational 68 32.85 
SKIDDING   
Tractor towards the log  270 30.75 
Hooking the wire rope 116 13.21 
Skidding to load point 409 46.58 
Taking off the wire rope 47 5.35 
Delay 36 4.10 
Total  878 100 
Delay mechanic 0 0 
Delay personal 28 77.77 
Delay operational 8 22.22 
International Journal of Sciences: Basic and Applied Research (IJSBAR) (2017) Volume 33, No  1, pp 89-102 
96 
 
Delay and productivity are affected by several things, among others, the stand condition, skills of workers, 
working techniques, and characteristics of the machine or tools used [16]. Many factors affect the productivity 
of harvesting including the harvesting time per tree of DBH (diameter at breast height), distance between trees 
and harvesting intensity [17]. Felling and skidding time required in performing the work cycle in this research is 
affected by DBH for felling and skidding distance for skidding. The results of this study showed that the use of 
time for a felling cycle is not affected by the distance between trees felled. It is caused by the same spacing as 
they are plant forests and the location of felling has a flat contour to facilitate the logging. The skidding distance 
activity affects the time of skidding. 
The correlation coefficient (R2) is 53.91% of the total variability, which is explained by the regression equation. 
ANOVA table can be seen in Table 5 with a 95% accuracy rate. Figure 1 illustrates the relationship of time used 
for felling in various diameters. These results indicate that the time consumtion of felling increases as the 
diameteris wider. Similarly, the research of [14] reveals that the larger the diameter, the more time is needed for 
felling. Authors in [17] reported that many factors affect the productivity of harvesting including the harvesting 
time per tree that is DBH, distance between trees and harvesting intensity. The factors that most affect the use of 
time on the logging include the diameter and distance between trees [18]. 
 
Figure 1: Effective time (without delay) logging in various diameters 
Table 5: ANOVA model 
 Source df Sum of Squares Mean Square F Sig. 
Regression 2 329.03 164.52 32.85 0.000 
Residual 55 275.45 5.01 
  Total 57 604.48     
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Figure 2 shows the linear regression between skidding distance and effective time for skidding. The chart shows 
a 56.92% rate of effective time diversity which can be explained by the distance of the skid, and the rest is 
influenced by the other factors. ANOVA table can be seen in Table 6 with a 95% accuracy rate. According 
studies of [19] [6] [20]; skidding is influenced by a number of factors, among others,the skidding distance, 
timber volume, number of stems, and slopes. In these studies,the skidding tool used is Timberjack usually used 
for timber extraction. Authors in [21] reported that skidding uses of tractors farm are influenced slope and 
skidding distance. According to studies of [22] [23] the skidding distance is the most effective variable on 
skidding time. In this study, skidding  is conducted with farm tractor of Xtra Massey Ferguson 455 with almost 
the same slope that is 0−10%. The number of rods on each cycle of skidding is the same as  one rod and with an 
average volume of 1.148 m3 cycle-1. Therefore, the slope and skidded number of stems  do not affect the time of 
skidding; however, skidding is most affected by the skidding distance.  
 
Figure 2: Effective time skidding in various skidding distances 
Table 6: ANOVA model 
 Source df Sum of Squares Mean Square F Sig. 
Regression 1 1,030,533 1,030,533 84.85 0.000 
Residual 64 779,811 12,185 
  Total 65 1,810,344     
 
3.2. Productivity of felling and skidding 
Measurement of felling and skidding is conducted to calculate the fees required in accordance with the activities 
y = 1.8474x + 248.78 
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that take place in the field. The calculation of productivity is the ratio between the production that is obtained by 
the required time. Table 7 shows the use of time, volume and productivity at the effective time and duty time of 
cycle of felling and skidding. Productivity is measured by the volume of production per hour. The average 
volume harvested amounted to 1.947 m3. The average productivity of felling effetive time is 2.613 m3 h-1 while 
the average productivity of harvesting to the actual time is 2.428 m3 h-1 . In this study, a decrease in productivity 
can lead to an increased cost of IDR 1,026.28 m-3 or 7% of the total cost. The decline in productivity is caused 
by delay in harvesting or less efficient use of time. 
Table 7: Time, volume and productivity felling and skidding 
Time consumption, volume and productivity Effective time Actual time 
FELLING   
Average of time consumption (second cycle-1) 2,216 2,423 
Minimum of time consumption (second cycle-1) 1,231 1,231 
Maximum of time consumption (second cycle-1) 3,473 3,722 
Average of volume (m³) 1.947 1.947 
Minimum of volume (m³) 0.494 0.494 
Maximum of volume (m³) 4.735 4.735 
Average of productivity (m3 h-1) 2.613 2.428 
Minimum of productivity (m3 h-1) 0.865 0.688 
Maximum of productivity (m3 h-1) 5.061 4.996 
SKIDDING   
Average of time consumption (second cycle-1) 842 878 
Minimum of time consumption (second cycle-1) 362 362 
Maximum of time consumption (second cycle-1) 1,087 1,185 
Average of volume (m³) 1.148 1.148 
Minimum of volume (m³) 0.07 0.07 
Maximum of volume (m³) 3.35 3.35 
Average of productivity (m3 h-1) 5.009 4.793 
Minimum of productivity (m3 h-1) 0.244 0.226 
Maximum of productivity (m3 h-1) 11.845 11.519 
 
Skidding in KPH Saradan in this study was performed using a farm tractor with Massey Ferguson Xtra 455 
brand. This is done because the implementation of harvesting coincides the rainy season. Distance from 
compartment to land is not possible if the extraction is done manually by human power. Skidding in plantations 
usually uses agricultural tractors, rubber-tired skidder or forwarder [24]. The average productivity of skidding 
effective time and actual time is 5.009 m3 h-1 and 4.793 m3 h-1 respectively. Difference productivity of effective 
time and actual time is 0.216 m3 h-1 or decrease in the time of delay of skidding productivity is 2.2%. The 
average volumeof skidding  is 1.148 m3. Compared to research by [21] who conducted in the forest tamperate 
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using agricultural tractor, the skidding productivity was 2.6 m3 h-1 which is lower than the result of this study. 
[25] reported skidding productivity of plantations in Indonesia using CAT Skidder 525 is equal to 6.758 m3 h-1, 
higher than the result of this study. If compared to the studies, the result is relative and depends on various 
factors. 
Various factors can affect the productivity of forest harvesting. Reference [26] reported the productivity of 
timber harvesting is influenced by several factors, among others, labor, methods, production, and work 
environment. [16] also reported the delay and productivity are influenced by several things, among others, the 
stand condition, workers’ skills, working techniques, and characteristics of the machine or device used. 
Reference [27] stated that the proper planning on logging activities would increase productivity by 15% if 
compared with that of logging without planning. 
3.3. Cost Analysis  
Analysis of the cost of felling and skidding is calculated and it is based on fixed costs and variable costs tools 
used. Table 8 shows the cost of felling and skidding. Cost felling is influenced by operator costs by 57%, while 
the cost of the machine is only 47%. Based on the cost components, the cost cutting is IDR 14,515.00 m-3 while 
the cost of logging operation IDR 35,248.00 h-1. The cost of this business is the result of calculations with 
operator wages amounted to 2 people. The skidding cost is IDR 48,499.74 m-3 while the system cost is in IDR 
242,933.57 h-1. The system cost is the result of the calculation with the wages of 2 operators. 
Table 8: Cost analysis of felling with chainsaw and skidding with tractor 
Komponen biaya Chainsaw Tractor 
Fixed cost (IDR h-1) 1,180.41 115,090.54 
Variable cost (IDR h-1) 14,068.25 87,843.02 
Machine cost (IDR h-1) 15,248.67 202,933.57 
System cost (IDR h-1) 35,248.67 242,933.57 
Total cost (Rp m-3) 14,515.71 48,499.74 
 
The payment system of felling and skidding that has been done by Perhutani is the wholesale system with the 
calculation based the cubication of timber harvested. Cost cutting in Perhutani is based on the rate of pay for the 
contract i.e. IDR 30,100.00 m-3. Table 9 shows that the minimum and maximum costs of felling and skidding on 
average. The results showed that the average cost of felling in the KPH Saradan is IDR 13,489.43 m-3 for an 
effective time and IDR 14,515.71 m-3 for the actual time. The actual extraction cost is higher than IDR 1,026.28 
m-3 compared to the cost of the effective time (without delay). The delay increases the cost of production by 7%. 
The cost based on the Perhutani wage rate is higher by 51.77% than the result of the cost analysis for the actual 
time in this study. 
Skidding cost in Perhutani is based on the Perhutani wage rate or based on a contract system that is IDR 
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65,000.00 m-3. The result showed that the average cost of skidding is IDR 48,499.74 m-3 for an effective time 
and IDR 50,685.07 m-3 for the actual time. This shows that the payment rate of skidding by Perhutani is 22% 
higher than the cost based on the cost analysis for the actual time in this study. 
4. Conclusion 
The results of this study showed that the average costs of logging with or without a delay are IDR 14,515.709 m-
3 and IDR 13,489.431 m-3 respectively. The average costs of skidding with or without a delay are IDR 
50,687.582 m-3 and IDR 48,499.744 m-3. The result of the cost analysis in this study is lower than the existing 
rate at Perhutani. The results of this study can be used for evaluation in logging activities, work planning and 
subsequent extraction costs.  
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